This study was conducted to compare the growth, carcass and meat quality of light, intensively 2 reared Assaf and crossbred Merino × Assaf lambs. Twelve Assaf and twelve Merino × Assaf lambs 3 of both sexes were intensively reared from weaning until they reached 20 kg Live Body Weight 4 (LBW). Crossbreeding improved both daily weight gain (P<0.01) and feed conversion (P<0.001), 5 resulting in a reduction in accumulative dry matter consumption (P<0.05). 6
Introduction 23
In Mediterranean countries, dairy sheep production is based on milk breeds, and lambs are normally 24 slaughtered between 10 and 12 kg live body weight (LBW). Suckling lamb meat is a valuable 25 commodity, which, due to its seasonal nature, can reach elevated prices during certain periods of the 26
year. 27
It is well known that carcass weight is the most relevant parameter influencing the value of the 28 carcass (Beriain et al., 2000) . In fact, because of its economic importance; differences in prices 29 between weight categories fluctuate throughout the year, and are more pronounced in certain 30 months of the year, when lamb production is scarce. As previously reported, during these months of 31 lamb production scarcity, it is possible to slaughter lambs heavier than 10-12 kg in order to break 32 with seasonal lamb production, without resulting in significant economic damage (Sañudo et al., 33 1992) . 34 4 respectively (Table 1) . Nevertheless, no statistically significant breed dependence on daily feed 126 intake was observed (P>0.10), with mean values measured to be 703 and 667 g/day for Assaf vs. 127
Merino × Assaf lambs, respectively. However, average barley straw intake was affected by both 128 breed (P<0.001) and the interaction between sex and breed. Specifically, male Merino × Assaf 129 lambs had a lower average barley straw intake (12.7 g/day), whereas male Assaf lambs averaged 130 higher values (32.7 g/day). In contrast, female lambs of both breeds displayed intermediate values 131
(28.4 vs. 23.0 g/day for Merino × Assaf vs. Assaf, respectively). 132 
Non-carcass characteristics 140
Non-carcass weight (P<0.01, Table 2 ) was also breed dependent. Specifically, head and hide 141 weights (P<0.001), wool (P<0.001) and total digestive fat deposits (P<0.05) were greater in Assaf 142 lambs. In addition, female lambs yielded significantly greater wool weight values and digestive fat 143 content than male lambs (P<0.01). Non-carcass component crude fat and water content were also 144 significantly different between Assaf and Merino × Assaf breeds (P<0.01); higher crude fat and 145 lower water content was observed in the Assaf breed. Sex dependent effects were also observed for 146 both parameters, with female lambs yielding greater crude fat and lower water content than male 147 lambs (P<0.05). 148 (insert Table 2 Table 5 here) 183
Discussion 184

Feed intake and changes in live body weight 185
With respect to feed consumption, as expected, the proportion of concentrate intake exceeded 186 barley straw intake, (96.4 vs. 3.6%). Consumption of concentrate and barley straw was lower than 187 that reported in several studies on Merino (Bodas et al., 2007; Manso et al., 1998) and Assaf 188 (Fernández et al., 2005) lambs. These differences are fundamentally due to the young age at which 189 the lambs in the present study were slaughtered. Although significant differences in daily dry matter 190 intake between breeds were not observed, in terms of cumulative intake, Merino × Assaf lambs 191 required 17% less dry matter to reach higher body weights than Assaf lambs and consequently 192 displayed better feed conversion efficiency. Differences in feed intake, growth and efficiency can 193 be accounted for by breed variations in gain composition. 194
In a growth study using an Assaf and Merino Booroola crossbreed, Gootwine et al. (1993) reported 195 similar average daily gain values after weaning to those measured in the present study. Males of 196 both breeds grew faster than females. This fact can only be explained by differences in gain 197 composition, because female carcasses contained more fat content than intact male carcasses. Data 198 from this study confirms this approach, because most of the adipose tissues were larger in female 199 lambs.
Breed dependent differences in fat content are associated with variations in feed efficiency (Notter 202 et al., 1984) . As mentioned above, the improved average daily body weight gain values and feed to 203 gain ratios of Merino × Assaf lambs might be due to differences in body gain composition. In fact, 204
Assaf lambs displayed greater digestive, carcass and non-carcass fat content than Merino × Assaf 205 lambs and, in addition, these lambs developed proportionally more muscle than adipose tissue. 206
From an economic viewpoint, the carcass is the most valuable part of the animal, and at certain 207 weights it can be largely breed dependent (Barone et al., 2007) . Carcass weight, along with dressing 208 percentages, depends on both fat and muscle content (Geay and Robelin, 1979) . In this study, breed 209 did not significantly affect cold carcass weights and dressing percentages, but numerically, Assaf 210 female lambs tended to yield higher carcass weights. These differences might be related to adipose 211 content and the fact that for the same average body weight, female Assaf lambs are physically 212 bigger than the other three experimental groups, which is characteristic for this breed (Martínez et 213 al., 1999) . Moisture evaporation during chilling is responsible for carcass weight losses, and, 214 according to Johnson et al. (1988) , the greater carcass fat content in Assaf lambs compared tothese authors did not report improvements in economically important traits such as feed conversion 228 rates, average daily gain or lean meat content. 229
However, comparing carcass quartering results from the different procedures that have been carried 230 out by diverse authors is complex. In contrast with results obtained by Rodríguez et al. (2008a) , 231 differences between sexes in carcass commercial cut categories were not observed, possibly due to 232 the lower age of the lambs used in the present study. Other authors did not report sex related 233 differences between commercial cuts for 15 kg LBW lambs (Pérez et al., 2007) . In terms of 234 shoulder dissection, our data are similar to those obtained by Miguélez et al. (2006) in Castellana 235 and Churra lambs. 236 Sex related differences in the dissected shoulder bone are due to physiological factors that induce 237 males to grow faster and develop longer bones (Wylie et al., 1997) . In addition, adipose tissue 238 differences were also measured, as previously discussed. 239
Meat characteristics 240
In lamb consuming countries, consumer perceptions of meat quality are associated with both lamb 241 thoracis pHs values were in the normal range, and slight differences could be accounted for by 247 differences in breed response to stressful conditions before slaughter. The importance of pH on 248 meat quality has been previously noted by other authors, however, in this study, pH changes only 249 affected some colour variables (such as lightness and yellowness), whose values were within the 250 range of those reported in the literature (Sañudo et al., 1992, Hopkins and Fogarty, 1998 ; Martínez-251 12 lambs reared under similar conditions. Martínez-Cerezo et al. (2005) also found differences in 254 colour variables between breeds; however these and other authors (Sañudo et al., 1996) pointed out 255 that other colour variation sources, such as feed source or the length of fattening period (which 256 could be the case in our study) might have a larger effect on colour parameters than breed. In any 257 case, our results are in agreement with Solomon et al. (1980) , Sañudo et al. (1992) 
and Hopkins and 258
Fogarty (1998), who also reported a smaller breed dependence on most lamb meat quality 259 parameters. Sex dependent effects on meat quality parameters were also not observed, with the 260 exception of fat content, in agreement with Rodríguez et al. (2008 a,b) in studies on suckling and 25 261 kg body weight Assaf lambs. 262
Conclusions 263
Sex dependent differences in average daily gain, feed conversion rates or dressing percentages can 264 be explained by differences in gain composition that lead females to develop greater adipose tissue 265 content than males. On the other hand, by crossbreeding Merino and Assaf breeds, the average daily 266 gain, feed conversion and carcass conformation were improved, and the carcass and non-carcass fat 267 content was reduced. Cold carcass weight was not breed dependent. However, at such low animal 268 body weights and a fixed slaughter weight, adipose tissues might be relevant. Although economical 269 issues should also be considered, data obtained in this study suggest that breed has a large effect on 270 lamb performance, carcass and meat composition, which must be taken into account when planning 271 commercial crossbreeds. 272
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